a2 United States Patent

US009167175B2

(10) Patent No.: US 9,167,175 B2

Wau et al. (45) Date of Patent: Oct. 20, 2015
(54) FLICKER DETECTION METHOD AND (56) References Cited
FLICKER DETECTION APPARATUS
U.S. PATENT DOCUMENTS
(71)  Applicant: FUJITSU LIMITED, Kawasaki-shi, 6,466,624 B1* 10/2002 FOZE w.oovrrrrrrrrerrereren 375/240.27
Kanagawa (JP) 2004/0109069 Al 6/2004 Kaplinsky et al.
2004/0201729 Al  10/2004 Poplin et al.
. 2005/0046704 Al 3/2005 Kinoshit:
(72) Inventors: Jla.l.l.rong Wu, Be.ljl.ng (C.N); X.uan Fu, 5006/0061669 Al 3/2006 J;r?gfetlaf
Beijing (CN); Akihiro Higashi, 2007/0153094 Al 7/2007 Noyes et al.
Kawasaki (JP) 2010/0045819 Al* 2/2010 Pillmanetal. ............. 348/226.1
2011/0157415 Al 6/2011 Go_h et al.
(73) Assignee: FUJITSU LIMITED, Kawasaki (JP) 2012/0081570 AL 472012 Hsich
FOREIGN PATENT DOCUMENTS
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 KR 10-2005-0006045 1/2005
U.S.C. 154(b) by 0 days. KR 10-2006-0010890 2/2006
OTHER PUBLICATIONS
(21) Appl. No.: 14/336,283 Extended European Search Report dated Mar. 31, 2015 in corre-
sponding Furopean Patent Application No. 14176891.1.
(22) Filed: Jul. 21. 2014 Korean Office Action mailed Jun. 18, 2015 in corresponding Korean
i Application No. 10-2014-0091050.
(65) Prior Publication Data * cited by examiner
US 2015/0029360 A1l Jan. 29, 2015 Primary Examiner — Anthony J Daniels
(74) Attorney, Agent, or Firm — Staas & Halsey LLP
(30) Foreign Application Priority Data (57) ABSTRACT
The present invention discloses a flicker detection method
Jul. 19,2013 (CN) ccoveereivcrcenee 2013 1 0305752 and a flicker detection apparatus. The method includes: cal-
culating the mean values of selected rows of image frames to
(51) Int.CL constitute a mean value vector; calculating a differential vec-
HO04N 9/73 (2006.01) tor between the mean value vectors of a current frame and a
HO4N 5/235 (2006.01) previous frame; calculating a DC-free difference vector;
HO04N 5/14 (2006.01) building a first square wave and a second square wave, and a
(52) US.CL third square wave and a fourth square wave; calculating a first
CPC ....ccoee. HO04N 5/2357 (2013.01); HO4N 5/145 frequency reference value; calculating a second frequency
(2013.01) reference value; and if the difference between the first and
(58) Field of Classification Search second frequency reference values is above a threshold, then
CPC oo HO4N 5/2357 it is determined that flicker is present in the current frame;

USPC 348/226.1
See application file for complete search history.

otherwise, it is determined that no flicker is present.

22 Claims, 7 Drawing Sheets

thereby obtain a mean value vector

[ Calculate the mean valnes of selected rows of the image frames to }/» 51

5 y 82
Calculate a differential vector between the mean value vector of 4 cutrent
frame and the mean value vector of a previous frame

component of the differential vector from respective elements of the
differential vector

Y
Calculate a DC-free difference vector by subtracting a direct current ]/_ 53

Build a first square wave and a second square wave, and a third square 4
wave and a fourth square wave

6
Caloulate a second frequency reference value }/

¥
Determine whether flicker is present in the current frame based upon the S7
first frequency reference value, the second fraquency reference value and

a predetermined difference threshold

85
[ Calculste a first frequency reference value }/’




U.S. Patent Oct. 20, 2015 Sheet 1 of 7 US 9,167,175 B2

r N
Calculate the mean values of selected rows of the image frames to /’— S1
thereby obtain a mean value vector
\. J
( ) — S2
Calculate a differential vector between the mean value vector of a current /_
framc and thc mecan valuc vector of a previous frame
. J/
A
Calculate a DC-free difference vector by subtracting a direct current S3
component of the differential vector from respective elements of the
differential vector
A
( ] — s4
Build a first square wave and a second square wave, and a third square /_
wave and a fourth square wave
. J
A
4 \
S5
Calculate a first frequency reference value /_
. J
'd 2 N\
S6
Calculate a second frequency reference value /_
\ J
r 4 N\
Determine whether flicker is present in the current frame based upon the S7
first frequency reference value, the second frequency reference value and
a predetermined difference threshold

\ J

Fig. 1



U.S. Patent Oct. 20, 2015 Sheet 2 of 7 US 9,167,175 B2

SqWv10 SqWvll
SqWv20 SqWvll

Fig. 2



U.S. Patent Oct. 20, 2015 Sheet 3 of 7 US 9,167,175 B2

Calculate the mean values of selected rows of the image frames to S31
thereby obtain a mean value vector
( ) — 32
Calculate a differential vector between the mean value vector of a current [_
frame and the mean value vector of a previous frame
AN J
4 \
Calculate a DC-free difference vector by subtracting a direct current S33
component of the differential vector from respective elements of the /_
L differential vector )
A
e N\
. . S34
Build a first square wave and a second square wave, and a third square /'_
wave and a fourth squarc wave
. J
A
4 ™
S35
Calculate a first frequency reference value /_
\. 7/
4 4 ™\
S36
Calculatc a sccond frequency reference value /_
\. 7/
4 : N
Preliminarily determine whether flicker is present in the current frame S37

based upon the first frequency reference value, the second frequency /_
reference value and a predetermined difference threshold

Y

4 A

Further determine whether flicker is present in the current frame based S38
upon three preliminary determination results of the current frame and the /_

first and second frames previous to the current frame
. J/

Fig. 3



U.S. Patent

Oct. 20, 2015 Sheet 4 of 7

Calculate the mean values of selected rows of the image [rames o
thereby obtain a mean value vector

s “\
Calculate a differential vector between the mean value vector of a current
frame and the mean value vector of a previous frame

v
Calculate a DC-free difference vector by subtracting a direct current
component of the differential vector from respective elements of the

differential vector

,
.

A4

US 9,167,175 B2

S41

S42

S43

S44
Build a first square wave and a second square wave, and a third square /_
wave and a fourth square wave
>y
A
\
{ Calculate a first frequency reference value 545
Ve
A
I: Calculate a second frequency reference value J/‘ 546

Preliminarily determine whether flicker is present in the current frame
based upon the first frequency reference value, the second frequency
reference value and a predetermined difference threshold

A
Determine at a second level whether flicker is present in the current
frame based upon three preliminary determination results of the current
frame and the first and second frames previous to the current frame

"

Count a first proportion of second-level determination results that the
flicker at the first frequency is present and a second proportion of second-
level determination results that the flicker at the second frequency is
present among sccond-level determination results of M frames

Count a first number of second-level determination results that the flicker |
at the first frequency is present and a second number of second-level
determination results that the flicker at the second frequency is present
among second-level determination results of N frames

A
(" Further determine whether flicker is present in the current frame based )

upon the first proportion, the second proportion, the first number and the

-

-

second number

Fig. 4

S47

S48

549

S50

S51



U.S. Patent Oct. 20, 2015 Sheet 5 of 7 US 9,167,175 B2

r N
S501
Obtain a truncated mean value vector of the current frame /_
(. J/
v
-
: . S502
Search for a matching truncated mean value vector of the previous frame /'_
of the current frame

A

e N

Calculate a dilTerential vector between the truncated mean value veclor S503
of the current frame and the matching truncated mean value vector of the /_

previous [rame
. J/

A
Calculate the DC-free difference vector by subtracting a direct current S504
component of the differential vector from respective elements of the
differential vector

Fig. 5



U.S. Patent Oct. 20, 2015 Sheet 6 of 7 US 9,167,175 B2

Mean value vector calculating
device 61

Differential vector calculating
device 62

y
DC-free difference vector
caleulating device 63

J { Square wave building device 64 ]

First frequency reference value Second frequency reference value
calculating device 65 calculating device 66

[ Flicker determining device 67 J

Flicker detection apparatus 600

Fig. 6



U.S. Patent

Oct. 20, 2015 Sheet 7 of 7 US 9,167,175 B2
o Pl Vel o Tal
< @ JL @ S ™ >
@ 705

Input/output interface

Fig. 7

4 A A J
/— 706 j— 707 v j— 708 v j— 709 v /— 710
Input portion| O i Stor. rtion Communication Driv
put portio utput portion| orage portio portion ve
711
j_ Removable
700 medium




US 9,167,175 B2

1
FLICKER DETECTION METHOD AND
FLICKER DETECTION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Patent Appli-
cation No. 201310305752.4, filed on Jul. 19, 2013 and
entitted “FLICKER DETECTION METHOD AND
FLICKER DETECTION APPARATUS”, contents of which
are incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention generally relates to signal processing
and in particular to a method and an apparatus capable of
detecting flicker in a sequence of image frames.

BACKGROUND OF THE INVENTION

In recent years, CMOS image sensors have been widely
applied to various image capturing devices, e.g., a digital
picture camera, a digital video camera, a mobile phone, etc.
Due to different photo-electric conversion time of respective
pixels or rows of pixels in the course of photo-electric con-
version, there may be bright and dark horizontal strips in a
captured image, especially in the case that the image is cap-
tured under fluorescent lighting or some other lighting con-
dition with periodically changing brightness. Such a horizon-
tal stripe in the captured image arising from periodically
changing lighting is referred to “flicker”.

An exposure period of time can be set reasonably depen-
dent upon the frequency of flicker to suppress and even elimi-
nate flicker in the captured image. This necessitates the detec-
tion of the presence of flicker and the frequency of flicker.

Traditional method of detecting the presence of flicker and
the frequency of flicker suffer from the disadvantages of poor
detection accuracy, a low detectable rate and being subjected
to a considerable influence from motion in a sequence of
image frames.

Thus, there is a need of a flicker detection method and a
flicker detection apparatus capable of detecting flicker in a
sequence of image frames efficiently and accurately and fur-
ther capable of being subjected to an inconsiderable influence
from motion in the sequence of image frames.

SUMMARY OF THE INVENTION

The following presents a simplified summary of the inven-
tion in order to provide basic understanding of some aspects
of the invention. It shall be appreciated that this summary is
not an exhaustive overview of the invention. It is not intended
to identify key or critical elements of the invention or to
delineate the scope of the invention. Its sole purpose is to
present some concepts in a simplified form as a prelude to the
more detailed description that is discussed later.

In view of the foregoing problems in the prior art, an object
of the invention is to provide a method and an apparatus
capable of detecting flicker in a sequence of image frames
efficiently and accurately. The flicker detection method and
flicker detection apparatus according to a preferred embodi-
ment of the invention can further be subjected to an inconsid-
erable influence from motion in the sequence of image
frames.

In order to attain the foregoing object, according to an
aspect of the invention, there is provided a flicker detection
method of detecting flicker in a sequence of image frames, the
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method including: calculating the mean values of selected
rows of the image frames, the calculated mean values consti-
tuting a mean value vector mean_row(k) in the order of the
rows; calculating a differential vector dift_frame(k) between
the mean value vector mean_row(k) of a current frame and the
mean value vector mean_row(k-1) of a previous frame; cal-
culating a DC-free difference vector diff_mean_row(k) by
subtracting a direct current component of the differential
vector diff_frame(k) from respective elements of the differ-
ential vector diff_frame(k); building a first square wave and a
second square wave with a first frequency and phases differ-
ing by 90 degrees, and a third square wave and a fourth square
wave with a second frequency different from the first fre-
quency and phases differing by 90 degrees, each of the first to
the fourth square waves having a specific number of elements
per cycle and the same length as the DC-free difference vector
diff_mean_row(k); calculating the sum of the absolute value
of the dot product of the DC-free difference vector dif-
f_mean_ row(k) and the first square wave and the absolute
value of the dot product of the DC-free difference vector
diff_mean_row(k) and the second square wave as a first fre-
quency reference value; calculating the sum of the absolute
value of the dot product of the DC-free difference vector
diff_mean_row(k) and the third square wave and the absolute
value of the dot product of the DC-free difference vector
diff_mean_row(k) and the fourth square wave as a second
frequency reference value; and if the difference between the
first frequency reference value and the second frequency ref-
erence value is above a predetermined difference threshold,
then it is determined that flicker is present in the current
frame; otherwise, it is determined that no flicker is present in
the current frame.

According to another aspect of the invention, there is pro-
vided a flicker detection apparatus for detecting flicker in a
sequence of image frames, the apparatus including: a mean
value vector calculating device configured to calculate the
mean values of selected rows of the image frames, the calcu-
lated mean values constituting a mean value vector mean_row
(k) in the order of the rows; a differential vector calculating
device configured to calculate a differential vector diff_frame
(k) between the mean value vector mean_row(k) of a current
frame and the mean value vector mean_row(k-1) of a previ-
ous frame; a DC-free difference vector calculating device
configured to calculate a DC-free difference vector dif-
f_mean_row(k) by subtracting a direct current component of
the differential vector diff_frame(k) from respective elements
of the differential vector diff_frame(k); a square wave build-
ing device configured to build a first square wave and a second
square wave with a first frequency and phases differing by 90
degrees, and a third square wave and a fourth square wave
with a second frequency different from the first frequency and
phases differing by 90 degrees, each of the first to the fourth
square waves having a specific number of elements per cycle
and the same length as the DC-free difference vector dif-
f_mean_row(k); a first frequency reference value calculating
device configured to calculate the sum of the absolute value of
the dot product of the DC-free difference vector diff_mean_
row(k) and the first square wave and the absolute value of the
dot product of the DC-free difference vector diff_mean_row
(k) and the second square wave as a first frequency reference
value; a second frequency reference value calculating device
configured to calculate the sum of the absolute value of the
dot product of the DC-free difference vector diff_mean_row
(k) and the third square wave and the absolute value of the dot
product of the DC-free difference vector diff_mean_row(k)
and the fourth square wave as a second frequency reference
value; and a flicker determining device including a presence
determination unit configured: to determine that flicker is
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present in the current frame, if the difference between the first
frequency reference value and the second frequency refer-
ence value is above a predetermined difference threshold; and
to determine that no flicker is present in the current frame, if
the difference between the first frequency reference value and
the second frequency reference value is below or equal to the
predetermined difference threshold.

Furthermore, according to another aspect of the invention,
there is further provided a storage medium including machine
readable program codes, which upon execution on an infor-
mation processing device cause the information processing
device to perform the foregoing method according to the
invention.

Moreover, according to still another aspect of the inven-
tion, there is further provided a program product including
machine executable instructions, which upon execution on an
information processing device cause the information process-
ing device to perform the foregoing method according to the
invention.

According to another aspect of the invention, there is pro-
vided a method, including obtaining a truncated mean value
vector of a current video frame, the truncated mean value
vector comprising a vector produced as a result of removing
predetermined parts of a head and a tail of the mean value
vector, obtaining the mean value vector of a previous video
frame of the current frame for a segment with a same length as
and a most approximate to the truncated mean value vector of
the current video frame as a matching truncated mean value
vector, calculating a differential vector between the truncated
mean value vector of the current frame and the matching
truncated mean value vector of the previous video frame,
calculating a DC-free difference vector by subtracting a direct
current component of the differential vector from respective
elements of the differential vector, and determining whether
flicker is occurring in a video having the current and previous
video frame using the DC-free difference vector. The deter-
mining may include recalculating the DC-free difference vec-
tor for additional video frames and determining flicker is
occurring by comparing the DC-free difference vector and a
recalculated DC-free difference vector.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages
of the invention will be more readily understand from the
following description of embodiments of the invention with
reference to the drawings. Components in the drawings are
merely intended to illustrate the principle of the invention. In
the drawings, identical or similar technical features or com-
ponents will be denoted by identical or similar reference
numerals. In the drawings:

FIG. 1 illustrates a flow chart of a flicker detection method
according to a first embodiment of the invention;

FIG. 2 illustrates a first set of square waves SqWv10 and
SqWv11 with a first frequency 100 Hz and phases differing
by 90 degrees and a second set of square waves SqWv20 and
SqWv21 with a second frequency 120 Hz and phases differ-
ing by 90 degrees;

FIG. 3 illustrates a flow chart of a flicker detection method
according to a second embodiment of the invention;

FIG. 4 illustrates a flow chart of a flicker detection method
according to a third embodiment of the invention;

FIG. 5 illustrates a flow chart of a method of calculating a
DC-free difference vector with the presence of motion in a
flicker detection method according to a fourth embodiment of
the invention;
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FIG. 6 illustrates a structural block diagram of a flicker
detection apparatus according to an embodiment of the inven-
tion; and

FIG. 7 illustrates a schematic block diagram of a computer
in which a method and an apparatus according to an embodi-
ment of the invention can be embodied.

DETAILED DESCRIPTION OF THE INVENTION

Exemplary embodiments of the present invention will be
described below in conjunction with the accompanying draw-
ings. For the sake of clarity and conciseness, not all the
features of practical implementations have been described in
the specification. However, it is to be appreciated that numer-
ous implementation-specific decisions shall be made during
developing any of such practical implementations so as to
achieve the developer’s specific goals, for example, to com-
ply with those system- and business-related constraining con-
ditions which may vary from one implementation to another.
Moreover, it shall also be appreciated that such a development
effort might be very complex and time-consuming but may
simply be a routine task for those skilled in the art benefiting
from this disclosure.

It shall further be noted here that only those apparatus
structures and/or process steps closely relevant to the solu-
tions of the invention will be illustrated in the drawings while
other details less relevant to the invention are omitted so as not
to obscure the invention due to those unnecessary details.
Moreover, it shall be further noted that an element and a
feature described in a drawing or an implementation of the
invention can be combined with an element or elements and a
feature or features illustrated in one or more other drawings or
implementations.

A flow of a flicker detection method according to a first
embodiment of the invention will be described below with
reference to FIG. 1.

FIG. 1 illustrates a flow chart of a flicker detection method
according to a first embodiment of the invention. As illus-
trated in FIG. 1, the flicker detection method according to the
invention includes the steps of: calculating the mean values of
selected rows of the image frames, the calculated mean values
constituting a mean value vector mean_row(k) in the order of
the rows (the step S1); calculating a differential vector diff
frame(k) between the mean value vector mean_row(k) of a
current frame and the mean value vector mean_row(k-1)ofa
previous frame (the step S2); calculating a DC-free difference
vector diff_mean_row(k) by subtracting a direct current com-
ponent of the differential vector diff frame(k) from respec-
tive elements of the differential vector diff_frame(k) (the step
S3); building a first square wave and a second square wave
with a first frequency and phases differing by 90 degrees, and
a third square wave and a fourth square wave with a second
frequency different from the first frequency and phases dif-
fering by 90 degrees, each of the first to the fourth square
waves having a specific number of elements per cycle and the
same length as the DC-free difference vector diff_mean_row
(k) (the step S4); calculating the sum of the absolute value of
the dot product of the DC-free difference vector diff_mean_
row(k) and the first square wave and the absolute value of the
dot product of the DC-free difference vector diff_mean_row
(k) and the second square wave as a first frequency reference
value (the step S5); calculating the sum of the absolute value
of the dot product of the DC-free difference vector dif-
f_mean_ row(k) and the third square wave and the absolute
value of the dot product of the DC-free difference vector
diff_mean_ row(k) and the fourth square wave as a second
frequency reference value (the step S6); if the difference
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between the first frequency reference value and the second
frequency reference value is above a predetermined difter-
ence threshold, then it is determined that flicker is present in
the current frame; otherwise, it is determined that no flicker is
present in the current frame (the step S7).

The respective steps of the flicker detection method
according to the first embodiment of the invention will be
described below in details.

An object processed by the flicker detection method
according to the invention is a sequence of image frames
constituted of gray scale images, where it can be determined,
according to information of a current frame and a frame
previous to the current frame, whether flicker is present in the
current frame and further the frequency of flicker.

If image frames in the sequence of image frames are color
images, then the color images need to be preprocessed to be
converted into gray scale images. A color image can be con-
verted into a gray scale image in any method known in the art,
and this relates to means well-known to those skilled in the art
and thus will not be described here again.

The step S1 is to calculate the mean values of selected rows
of the image frames, the calculated mean values constituting
a mean value vector mean_row(k) in the order of the rows.

An image frame, i.e., an image, is constituted of a number
of pixels. These constituent pixels are arranged in rows and
columns. If the height of an image frame is denoted as height,
and the width of the image frame is denoted as width, then the
image frame includes height rows and width columns of
pixels.

Selected rows of an image frame can be all of rows of the
image frame or can be sampled rows as a result of sampling all
of rows of the image frame uniformly. The use of sampled
rows for calculation can effectively lower the amount of cal-
culation and improve the processing speed. A description will
be given below taking sampled rows as an example.

For example, an image frame can be sampled so that the
number of selected rows of the image frame is uniformly 256.
Accordingly a sampling interval can be calculated in the
equation of:

Sampling interval=floor(height/256).

Where floor( ) represents a rounding-down function, and
height represents the height of an image frame. It shall be
noted that 256 here are merely exemplary. Those skilled in the
art can select the number of sampled rows flexibly as needed
for the design of a system.

The i-th row among the sampled rows, i.e., the iRow-th row
of the image frame, is iRow=(i-1)xfloor(height/256)+1.

Where frame (k, Row, Col) represents data of the k-th
frame at the Row-th row and the Col-th column, k represents
the sequence number of the frame and takes an positive inte-
ger, Row and Col represent the sequence numbers of the row
and the column respectively and also take positive integers.

Pixel values of all the pixels at each selected row of the k-th
image frame are averaged into a mean value of the selected
row, and the mean values of all the selected rows of the image
frame are arranged in the order of the rows into a mean value
vector mean_row(k) of the image frame.

The mean value of the i-th sampled row of the k-th frame
can be represented as mean_row (k, i)=mean(frame (k,
iRow,:)), where mean( ) represents an averaging function, and
the symbol “:” represents all the columns.

The step S2 is to calculate a differential vector diff_frame
(k) between the mean value vector mean_row(k) of a current
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frame and the mean value vector mean_row(k-1) of a previ-
ous frame.

That is, diff_frame(k)=mean_row(k)-mean_row(k-1).

Evidently, this step is performed on the precondition that
the current frame is a second or later frame of the sequence of
image frames, where there is a previous frame of the current
frame.

Ifthere are 256 sampled rows as a result of row-sampling of
each frame, then the number of elements of mean_row(k) is
256. Accordingly the number of elements of the differential
vector diff_frame(k) is also 256.

The step S3 is to calculate a DC-free difference vector
diff_mean_row(k) by subtracting a direct current component
of the differential vector diff_frame(k) from respective ele-
ments of the differential vector diff_frame(k).

That is, diff_mean_row(k)=diff_frame(k)-mean(diff_
frame(k)).

Where mean(diff_frame(k)) represents a direct current
component of the differential vector diff_frame(k), which can
be derived by averaging all the elements of the differential
vector diff_frame(k).

Due to the difference between data of different frames,
particularly the considerable difference between direct cur-
rent components, the removal of a direct current component
can result in relatively low values of elements of a DC-free
difference vector and strong comparability of DC-free difter-
ence vectors of different frames to thereby facilitate a uniform
design of respective thresholds used in the subsequent steps.

The step S4 is to build a first square wave and a second
square wave (SqWv10 and SqWv11) with a first frequency
and phases differing by 90 degrees, and a third square wave
and a fourth square wave (SqWv20 and SqWv21) with a
second frequency different from the first frequency and
phases differing by 90 degrees, each of the first to the fourth
square waves having a specific number of elements per cycle
and the same length as the DC-free difference vector dif-
f_mean_row(k).

Taking a fluorescent lighting environment as an example,
flicker arises from the frequency of alternating current. At
present, atypical frequency of commercial alternating current
all over the world is 50 Hz and 60 Hz. Thus a frequency
possible with flicker (a target frequency) is 100 Hz and 120
Hz.

The square waves are built for the purpose of building pairs
of square waves with target frequencies and phases differing
by 90 degrees. The number of designed pairs of square waves
is the same as the number of target frequencies. The presence
and the frequency of flicker can be determined by comparing
the DC-free difference vector with the respective sets of
square waves.

In the case of a fluorescent lamp powered by commercial
alternating current, the first frequency and the second fre-
quency can be equal to 100 Hz and 120 Hz respectively.

Those skilled in the art can adjust the number of pairs of
square waves and the frequencies of the square waves flexibly
dependent upon the need of a design and the scenario of an
application.

Two further limiting conditions for a design of square
waves are that each of the square waves has a specific number
of elements per cycle and the same length as the DC-free
difference vector diff_mean_row(k).

The square waves have the same length as the DC-free
difference vector diff_mean_row(k) for the purpose of com-
plying with a condition for subsequent calculation of a dot
product.

The elements of a square wave include 1’s in one half of'a
cycle and 0’s in the other half of the cycle. The number of
elements per cycle of a square wave refers to the number of
elements in every cycle of the square wave, that is, the total
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number of 1’s and 0’s in one cycle of the square wave. The
number of elements per cycle of a square wave is related to the
height of the image frames, a frame rate, a row sampling
interval and a square wave frequency.

For example, the number of elements per cycle of a square
wave (CycleElm) can be calculated in the equation of:

CycleElm=floor((height-FPS)/(floor(height/256)-fre-
quency))

Where FPS represents the frame rate of an image frame,
and frequency represents the frequency of a square wave, and
as mentioned above, floor( ) represents a rounding-down
function, height represents the height of the image frame, and
floor(height/256) represents a row sampling interval.

FIG. 2 illustrates a first set of square waves SqWv10 and
SqWv11 with a first frequency 100 Hz and phases differing
by 90 degrees and a second set of square waves SqWv20 and
SqWv21 with a second frequency 120 Hz and phases differ-
ing by 90 degrees.

The step S5 is to calculate the sum of the absolute value of
the dot product of the DC-free difference vector diff_mean_
row(k) and the first square wave SQWv10 and the absolute
value of the dot product of the DC-free difference vector
diff_mean_row(k) and the second square wave SqWvl1l as a
first frequency reference value.

That is, the first frequency reference value sum_Sqr_F1(k)
can be calculated in the equation of:

sum_Sqr__F1(k)=I12diff_mean_row(k)-SqgWv10/+
[Zdiff. mean_row(k)-SqWv11l.

Similarly, the step S6 is to calculate the sum of the absolute
value of the dot product of the DC-free difference vector
diff_mean_row(k) and the third square wave SqWv20 and the
absolute value of the dot product of the DC-free difference
vector diff mean_row(k) and the fourth square wave
SqWv21 as a second frequency reference value

That is, the second frequency reference value sum_Sqr_F2
(k) can be calculated in the equation of:

sum_Sqr__F2(k)=I12diff_mean_row(k)-SqWv201+
[Zdiff. mean_row(k)-SgWv211.

The step S7 is to make determination. If the difference
between the first frequency reference value and the second
frequency reference value is above a predetermined difter-
ence threshold, then it is determined that flicker is present in
the current frame; otherwise, it is determined that no flicker is
present in the current frame.

That is, the first frequency reference value and the second
frequency reference value reflect the extents of correlation of
the frequency of flicker which possibly exists in the current
frame with the first frequency and the second frequency.

When the difference between one of the first frequency
reference value and the second frequency reference value and
the other frequency reference value is sufficiently large, it is
determined that flicker is present in the current frame because
the frequency of flicker is expected to be one of the two
frequencies.

Otherwise, that is, when there is no considerable difference
between the first frequency reference value and the second
frequency reference value, it is determined that no flicker is
present in the current frame also because the frequency of
flicker is expected to be one of the two frequencies.

Moreover, in the case that it is determined that flicker is
present, the frequency of flicker can be further determined.

If the first frequency reference value is larger than the
second frequency reference value, then the frequency of
flicker is determined as the first frequency; and if the second
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frequency reference value is larger than the first frequency
reference value, then the frequency of flicker is determined as
the second frequency.

That is, when the first frequency reference value is much
larger than the second frequency reference value, it is deter-
mined that flicker at the first frequency is present; when the
second frequency reference value is much larger than the first
frequency reference value, it is determined that flicker at the
second frequency is present; and when there is no consider-
able difference between the first frequency reference value
and the second frequency reference value, it is determined
that no flicker is present.

A method of characterizing the difference between the first
frequency reference value and the second frequency refer-
ence value can be designed flexibly by those skilled in the art.
For example, the difference can be characterized preferably
as follows.

The absolute value of the difference between the first fre-
quency reference value sum_Sqr_F1(k) and the second fre-
quency reference value sum_Sqr_F2(k) (diff_sum_Sqr(k)) is
calculated as follows:

diff_sum_Sqr(k)=Isum_Sqr__F2(k)-sum_Sqr__ F1(k)!.

The ratio of the largest value to the smallest value among
the first frequency reference value sum_Sqr_F1(k) and the
second frequency reference value sum_Sqr_F2(k) (div_sum_
Sqr(k)) is calculated as follows:

max(sum._Sqr F2(k), sum_Sqr F1(k))
min(sum_Sqr F2(k), sum_Sqr Fl1(k))"

div_sum Squ(k) =

A first-level determination result FLFD(k) is calculated in
the equation of:

div_sum Sqr(k) > Thre_div&& diff_sum Sqr(k) >
Frel. hre diff &g sum Sqr FL(k) > sum._Sqr F2(6)
div_sum Sqr(k) > Thre_div&& diff_sum Sqr(k) > .
Thre_diff && sum_Sqr F1(k) < sum_Sqr F2(k)

else

FLFD(k) =

none,

Where && represents AND, Frel represents the presence
of flicker at the first frequency as a determination result, Fre2
represents the presence of flicker at the second frequency as a
determination result, Thre_div and Thre_diff represent cor-
responding thresholds, none represents no flicker present, and
else represents other possibilities. Thre_div can take a num-
ber larger than 1, and Thre_diff can take a number larger than
1.

In the first embodiment of the invention, the presence and
the frequency of flicker are determined directly in the one-
level determination method. In a second embodiment, pre-
liminary determination results of several frames are inte-
grated for further integrated determination leading to a more
accurate determination result.

A flow of a flicker detection method according to a second
embodiment of the invention will be described below with
reference to FIG. 3.

FIG. 3 illustrates a flow chart of a flicker detection method
according to a second embodiment of the invention. As illus-
trated in FIG. 3, the flicker detection method according to the
invention includes the steps of: calculating the mean values of
selected rows of the image frames, the calculated mean values
constituting a mean value vector mean_row(k) in the order of
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the rows (the step S31); calculating a differential vector dif-
f_frame(k) between the mean value vector mean_row(k) of a
current frame and the mean value vector mean_row(k-1)ofa
previous frame (the step S32); calculating a DC-free differ-
ence vector diff_mean_row(k) by subtracting a direct current
component of the differential vector diff frame(k) from
respective elements of the differential vector diff_frame(k)
(the step S33); building a first square wave and a second
square wave with a first frequency and phases differing by 90
degrees, and a third square wave and a fourth square wave
with a second frequency different from the first frequency and
phases differing by 90 degrees, each of the first to the fourth
square waves having a specific number of elements per cycle
and the same length as the DC-free difference vector dif-
f_mean_row(k) (the step S34); calculating the sum of the
absolute value of the dot product of the DC-free difference
vector diff_mean_row(k) and the first square wave and the
absolute value of the dot product of the DC-free difference
vector diff_mean_row(k) and the second square wave as a
first frequency reference value (the step S35); calculating the
sum of the absolute value of the dot product of the DC-free
difference vector diff mean_row(k) and the third square
wave and the absolute value of the dot product of the DC-free
difference vector diff_mean_row(k) and the fourth square
wave as a second frequency reference value (the step S36); if
the difference between the first frequency reference value and
the second frequency reference value is above a predeter-
mined difference threshold, then it is preliminarily deter-
mined that flicker is present in the current frame; otherwise, it
is preliminarily determined that no flicker is present in the
current frame (the step S37); and for three preliminary deter-
mination results of the current frame and the first and second
frames previous to the current frame, if at least two of the
determination results are that the flicker at the first frequency
is present and none of the determination results are that the
flicker at the second frequency is present, then it is further
determined that the flicker at the first frequency is present in
the current frame; if at least two of the determination results
are that the flicker at the second frequency is present and none
of the determination results are that the flicker at the first
frequency is present, then it is further determined that the
flicker at the second frequency is present in the current frame;
otherwise, it is further determined that no flicker is present in
the current frame (the step S38).

The steps S31 to S37 in the second embodiment of the
invention are totally the same as the steps S1 to S7 in the first
embodiment except for further integrated determination (the
step S38) based upon the preliminary (first-level) determina-
tion results of the steps S31 to S37.

That is, the step S38 is performed with reference to all the
three preliminary determination results of the current frame
and the first and second frames previous to the current frame.
If at least two of the determination results are that the flicker
atthe first frequency is present and none of the determination
results are that the flicker at the second frequency is present,
then it is further determined that the flicker at the first fre-
quency is present in the current frame; if at least two of the
determination results are that the flicker at the second fre-
quency is present and none of the determination results are
that the flicker at the first frequency is present, then it is
further determined that the flicker at the second frequency is
present in the current frame; otherwise, it is further deter-
mined that no flicker is present in the current frame.

Apparently, in this case, the current frame shall be a third or
later frame in the sequence of image frames.

In the second embodiment of the invention, the presence
and the frequency of flicker can be determined at two levels in
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the two-level determination method. In a third embodiment,
determination results (second-level determination results) of
more frames can be further integrated for integrated determi-
nation.

A flow of a flicker detection method according to a third
embodiment of the invention will be described below with
reference to FIG. 4.

FIG. 4 illustrates a flow chart of a flicker detection method
according to a third embodiment of the invention. As illus-
trated in FIG. 4, the flicker detection method according to the
invention includes the steps of: calculating the mean values of
selected rows of the image frames, the calculated mean values
constituting a mean value vector mean_row(k) in the order of
the rows (the step S41); calculating a differential vector dif-
f_frame(k) between the mean value vector mean_row(k) of a
current frame and the mean value vector mean_row(k-1)ofa
previous frame (the step S42); calculating a DC-free differ-
ence vector diff_mean_row(k) by subtracting a direct current
component of the differential vector diff frame(k) from
respective elements of the differential vector diff frame(k)
(the step S43); building a first square wave and a second
square wave with a first frequency and phases differing by 90
degrees, and a third square wave and a fourth square wave
with a second frequency different from the first frequency and
phases differing by 90 degrees, each of the first to the fourth
square waves having a specific number of elements per cycle
and the same length as the DC-free difference vector dif-
f_mean_row(k) (the step S44); calculating the sum of the
absolute value of the dot product of the DC-free difference
vector diff_mean_row(k) and the first square wave and the
absolute value of the dot product of the DC-free difference
vector diff_mean_row(k) and the second square wave as a
first frequency reference value (the step S45); calculating the
sum of the absolute value of the dot product of the DC-free
difference vector diff mean_row(k) and the third square
wave and the absolute value of the dot product of the DC-free
difference vector diff_mean_row(k) and the fourth square
wave as a second frequency reference value (the step S46); if
the difference between the first frequency reference value and
the second frequency reference value is above a predeter-
mined difference threshold, then it is preliminarily deter-
mined that flicker is present in the current frame; otherwise, it
is preliminarily determined that no flicker is present in the
current frame (the step S47); for three preliminary determi-
nation results of the current frame and the first and second
frames previous to the current frame, the following second-
level determination is made: if at least two of the preliminary
determination results are that the flicker at the first frequency
is present and none of the preliminary determination results
are that the flicker at the second frequency is present, then it
is further determined that the flicker at the first frequency is
present in the current frame; if at least two of the preliminary
determination results are that the flicker at the second fre-
quency is present and none of the preliminary determination
results are that the flicker at the first frequency is present, then
it is further determined that the flicker at the second frequency
is present in the current frame; otherwise, it is further deter-
mined that no flicker is present in the current frame (the step
S48); counting a first proportion of second-level determina-
tion results that the flicker at the first frequency is present and
asecond proportion of second-level determination results that
the flicker at the second frequency is present among second-
level determination results of M frames including the current
frame and previous M-1 frames thereof (the step S49); count-
ing a first number of second-level determination results that
the flicker at the first frequency is present and a second num-
ber of second-level determination results that the flicker at the
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second frequency is present among second-level determina-
tion results of N frames including the current frame and
previous N-1 frames thereof (the step S50); and if the first
proportion is above a first proportion threshold and the second
number is below 1, then it is further determined that the flicker
at the first frequency is present in the current frame; if the
second proportion is above a second proportion threshold and
the first number is below 1, then it is further determined that
the flicker at the second frequency is present in the current
frame; otherwise, it is further determined that no flicker is
present in the current frame (the step S51), wherein M and N
are integers above 1 and M>N.

The steps S41 to S48 in the third embodiment of the inven-
tion are totally the same as the steps S31 to S38 in the second
embodiment except for further integrated determination
based upon the second-level determination results of the steps
S41 to S48.

The step S49 is to count a first proportion of second-level
determination results that the flicker at the first frequency is
present and a second proportion of second-level determina-
tion results that the flicker at the second frequency is present
among second-level determination results of M frames
including the current frame and previous M-1 frames thereof,
where M is an integer above 1. The value of M can be
designed flexibly dependent upon conditions of system per-
formance and resources in combination with an experimental
effect

The step S50 is to count a first number of second-level
determination results that the flicker at the first frequency is
present and a second number of second-level determination
results that the flicker at the second frequency is present
among second-level determination results of N frames
including the current frame and previous N-1 frames thereof,
where N is an integer above 1 and M>N.

The following determination is made in the step S51 based
upon results of counting in the step S49 and the step S50: if the
first proportion is above a first proportion threshold and the
second number is below 1, then it is further determined that
the flicker at the first frequency is present in the current frame;
if the second proportion is above a second proportion thresh-
old and the first number is below 1, then it is further deter-
mined that the flicker at the second frequency is present in the
current frame; otherwise, it is further determined that no
flicker is present in the current frame

Where the first proportion threshold and the second pro-
portion threshold may or may not be equal. Preferably both
the first proportion threshold and the second proportion
threshold take a number larger than 0.5.

As compared with the second embodiment, integrated
determination is made in a wider range based upon a result of
revision with the second-level determination in the third
embodiment.

Furthermore, in the third embodiment, M>>N is set so that
determination can be made according to the proportions of
the two determination results (the presence of flicker at the
first or second frequency) in a range including the current
frame and a larger number of frames previous thereto while
making stricter determination in the neighborhood of the
current frame.

Moreover, it can be further determined whether there is
motion of the current frame relative to the previous frame in
the case that it is determined that no flicker is present in the
current frame. This determination can be based upon a motion
detection process to be described below in details. That is,
among output results of the invention, the following several
results may exist: the presence of flicker at the first frequency,
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the presence of flicker at the second frequency, the presence
of motion, and neither flicker nor motion present.

Of course, in the case that no motion detection is per-
formed, output results of the invention may include: the pres-
ence of flicker at the first frequency, the presence of flicker at
the second frequency, and no flicker present.

In the first to third embodiments, the presence and the
frequency of flicker are determined. In a fourth embodiment
to be described below in details, the factor of motion will be
further taken into account, and the detectable rate and the
accuracy of detection can be further improved by lowering an
influence of motion upon flicker determination thanks to
smart calculation.

It shall be noted that motion detection introduced and cor-
responding calculation adjustment made in the fourth
embodiment is also applicable to any of the first to third
embodiments. For the sake of conciseness, detailed steps
thereof will not be enumerated here again, but only a differ-
ence of the fourth embodiment from the first to third embodi-
ments will be highlighted.

In the fourth embodiment, motion detection is further per-
formed before the step of building, that is, it is further
detected whether there is motion of the current frame relative
to the previous frame.

Motion detection can be performed in any method known
in the art. In this case, motion detection can be performed at
the very beginning of the flicker detection method, and the
subsequent steps will be performed based upon a result of
motion detection.

Particularly, if the result of motion detection indicates that
there is no motion of the current frame relative to the previous
frame, then the determination as to flicker can be made as in
the flows in the first to third embodiments. If the result of
motion detection indicates that there is motion of the current
frame relative to the previous frame, then the first three steps
in the first to third embodiments may be skipped, but instead
calculation can be performed as in a method of calculating a
DC-free difference vector with the presence of motion to be
described below in details, and then the remaining flows in the
first to third embodiments can be further performed.

Moreover, the steps of motion detection can alternatively
be arranged after the first three steps in the first to third
embodiments, and motion detection can be performed with
use of calculation results of these three steps (the DC-free
difference vector diff_mean_row(k)).

Particularly, if the mean value of the absolute values of the
respective elements of the DC-free difference vector dif-
f_mean_row(k) is above a predetermined motion threshold,
then it is determined that there is motion of the current frame
relative to the previous frame; otherwise, it is determined that
there is no motion of the current frame relative to the previous
frame.

The predetermined motion threshold can be set empirically
by those skilled in the art.

If the result of motion detection indicates that there is no
motion of the current frame relative to the previous frame,
then the determination as to flicker can be made as in the
remaining flows in the first to third embodiments. If the result
of motion detection indicates that there is motion of the cur-
rent frame relative to the previous frame, then the DC-free
difference vector diff_mean_row(k) can be recalculated as in
the method of calculating a DC-free difference vector with
the presence of motion to be described below in details, and
then the remaining flows in the first to third embodiments can
be further performed based upon the newly calculated DC-
free difference vector diff_mean_row(k).
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A flow chart of a method of calculating a DC-free differ-
ence vector with the presence of motion in a flicker detection
method according to a fourth embodiment of the invention
will be described below with reference to FIG. 5.

FIG. 5 illustrates a flow chart of a method of calculating a
DC-free difference vector with the presence of motion in a
flicker detection method according to a fourth embodiment of
the invention. As illustrated in FIG. 5, the method of calcu-
lating a DC-free difference vector with the presence of
motion according to the invention includes the steps of:
obtaining a truncated mean value vector MS_mean_row(k) of
the current frame, the truncated mean value vector
MS_mean_row(k) being a vector as a result of removing
predetermined parts of a head and a tail of the mean value
vector mean_row(k) of the current frame (the step S501);
searching the mean value vector mean_row(k-1) of the pre-
vious frame of the current frame for a segment with the same
length as and the most approximate to the truncated mean
value vector MS_mean_row(k) of the current frame as a
matching truncated mean value vector Mt_mean_row(k-1)
(the step S502); calculating a differential vector diff_
frame_MM(k) between the truncated mean value vector
MS_mean_row(k) of the current frame and the matching
truncated mean value vector Mt_mean_row(k-1) of the pre-
vious frame (the step S503); and calculating the DC-free
difference vector diff_mean_row(k) by subtracting a direct
current component of the differential vector diff_frame_MM
(k) from respective elements of the differential vector diff_
frame_MM(k) (the step S504).

The step S501 is to obtain a truncated mean value vector
MS_mean_row(k) of the current frame, the truncated mean
value vector MS_mean_row(k) being a vector as a result of
removing predetermined parts of a head and a tail of the mean
value vector mean_row(k) of the image frame (the step S501).

That is, the mean value vector mean_row(k) of the image
frame is calculated similarly to the first steps in the first to
third embodiments, then the predetermined parts of the head
and the tail of the mean value vector mean_row(k) are
removed, and at this time a resulting vector is the truncated
mean value vector MS_mean_row(k).

The predetermined parts are related to the length of the
mean value vector mean_row(k) of the image frame and a
predetermined proportion. The predetermined proportion is
0.1, for example, that is, respective first and last 10% parts of
the mean value vector mean_row(k) of the image frame can
be removed while taking only a middle 80% part thereof. That
is, the truncated mean value vector MS_mean_row(k) corre-
sponds to 80% of the selected rows in the middle.

The step S502 is to search the mean value vector mean_row
(k-1) of the previous frame of the current frame for a segment
with the same length as and the most approximate to the
truncated mean value vector MS_mean_row(k) of the current
frame as a matching truncated mean value vector Mt_mean_
row(k-1).

Since the next step is to perform a difference operation
between the vectors, the length of the matching truncated
mean value vector Mt_mean_row(k-1) of the previous frame
of the current frame needs to be made the same as the length
of the truncated mean value vector MS_mean_row(k) of the
current frame.

Moreover, an influence of motion upon flicker detection
can be lowered by searching the mean value vector mean_row
(k-1) of the previous frame of the current frame for the most
approximate segment.

A window with the same length of the truncated mean
value vector MS_mean_row(k) of the current frame can be
set, and starting with the very left side of the mean value
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vector mean_row(k-1) of the previous frame of the current
frame, the window is translated to the right by one element
position and a segment in the window is taken out each time,
so that there are a number of resulting candidates for the
matching truncated mean value vector Mt_mean_row(k-1).

The similarities between the respective candidates and the
truncated mean value vector MS_mean_row(k) of the current
frame are compared, and the candidate with the highest simi-
larity is selected as the matching truncated mean value vector
Mt_mean_row(k-1).

A metric of similarity can be designed flexibly by those
skilled in the art.

By way of an example, the sum of the absolute values of
respective elements of a difference vector between a candi-
date Mt_mean_row and the truncated mean value vector
MS_mean_row(k) of the current frame (matchingRate) can
be calculated as a metric of similarity. The candidate with the
lowest matchingRate is selected as the matching truncated
mean value vector Mt_mean_row(k-1).

The step S503 is to calculate a differential vector diff
frame_MM(k) between the truncated mean value vector
MS_mean_row(k) of the current frame and the matching
truncated mean value vector Mt_mean_row(k-1) of the pre-
vious frame.

The step S504 is to calculate the DC-free difference vector
diff_mean_row(k) by subtracting a direct current component
of' the differential vector diftf_frame_MM(k) from respective
elements of the differential vector diff_frame_MM(k).

It shall be noted that one of conditions for creating square
waves is that the square waves have the same length as the
DC-free difference vector diff_mean_row(k). Thus, in the
fourth embodiment, if there is motion present and the DC-free
difference vector diff_mean_row(k) is recalculated, then the
length of the built square waves is also lowered accordingly,
and the square waves with an appropriate length can be built
by truncating the square waves.

Thus, the determination as to flicker can be made, with the
DC-free difference vector diff_mean_row(k) as a result of the
steps S501 to S504, in the fourth and subsequent steps in the
first to third embodiments to thereby lower an influence of
motion upon flicker detection and further improve the detect-
able rate and the accuracy of detection.

A flicker detection apparatus according to an embodiment
of the invention will be described below with reference to
FIG. 6.

FIG. 6 illustrates a structural block diagram of a flicker
detection apparatus according to an embodiment of the inven-
tion. As illustrated in FIG. 6, the flicker detection apparatus
600 according to the invention includes: a mean value vector
calculating device 61 configured to calculate the mean values
of selected rows of the image frames, the calculated mean
values constituting a mean value vector mean_row(k) in the
order of the rows; a differential vector calculating device 62
configured to calculate a differential vector diff_frame(k)
between the mean value vector mean_row(k) of a current
frame and the mean value vector mean_row(k-1) of a previ-
ous frame; a DC-free difference vector calculating device 63
configured to calculate a DC-free difference vector dif-
f_mean_row(k) by subtracting a direct current component of
the differential vector diff_frame(k) from respective elements
of the differential vector diff_frame(k); a square wave build-
ing device 64 configured to build a first square wave and a
second square wave with a first frequency and phases differ-
ing by 90 degrees, and a third square wave and a fourth square
wave with a second frequency different from the first fre-
quency and phases differing by 90 degrees, each of the first to
the fourth square waves having a specific number of elements
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per cycle and the same length as the DC-free difference vector
diff_mean_row(k); a first frequency reference value calculat-
ing device 65 configured to calculate the sum of the absolute
value of the dot product of the DC-free difference vector
diff_mean_row(k) and the first square wave and the absolute
value of the dot product of the DC-free difference vector
diff_mean_row(k) and the second square wave as a first fre-
quency reference value; a second frequency reference value
calculating device 66 configured to calculate the sum of the
absolute value of the dot product of the DC-free difference
vector diff_mean_row(k) and the third square wave and the
absolute value of the dot product of the DC-free difference
vector diff_mean_row(k) and the fourth square wave as a
second frequency reference value; and a flicker determining
device 67 including a presence determination unit config-
ured: to determine that flicker is present in the current frame,
if the difference between the first frequency reference value
and the second frequency reference value is above a prede-
termined difference threshold; and to determine that no
flicker is present in the current frame, if the difference
between the first frequency reference value and the second
frequency reference value is below or equal to the predeter-
mined difference threshold.

In a particular embodiment, the flicker determining device
67 further includes a frequency determination unit configured
so that in the case that the presence determination unit deter-
mines that flicker is present in the current frame, if the first
frequency reference value is above the second frequency ref-
erence value, then the frequency determination unit deter-
mines that the frequency of the flicker is the first frequency;
and if the second frequency reference value is above the first
frequency reference value, then the frequency determination
unit determines that the frequency of the flicker is the second
frequency.

In a particular embodiment, the selected rows are all of
rows of the image frames or sampled rows as a result of
sampling all of rows of the image frames uniformly.

In a particular embodiment, the image frames are gray
scale images.

In a particular embodiment, the number of elements per
cycle is related to the height of the image frames, a frame rate,
a row sampling interval and a square wave frequency.

In a particular embodiment, the flicker determining device
67 further includes a second-level determination unit config-
ured so that for three preliminary determination results of the
presence determination unit and the frequency determination
unit for the current frame and the first and second frames
previous to the current frame, if at least two of the determi-
nation results are that the flicker at the first frequency is
present and none of the determination results are that the
flicker at the second frequency is present, then the second-
level determination unit further determines that the flicker at
the first frequency is present in the current frame; if at least
two of the determination results are that the flicker at the
second frequency is present and none of the determination
results are that the flicker at the first frequency is present, then
the second-level determination unit further determines that
the flicker at the second frequency is present in the current
frame; otherwise, the second-level determination unit further
determines that no flicker is present in the current frame.

In a particular embodiment, the flicker determining device
67 further includes a third-level determination unit: including
a proportion counting unit configured to count a first propor-
tion of second-level determination results that the flicker at
the first frequency is present and a second proportion of
second-level determination results that the flicker at the sec-
ond frequency is present among second-level determination
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results of M frames including the current frame and previous
M-1 frames thereof; a number counting unit configured to
count a first number of second-level determination results that
the flicker at the first frequency is present and a second num-
ber of second-level determination results that the flicker at the
second frequency is present among second-level determina-
tion results of N frames including the current frame and
previous N-1 frames thereof; and a third-level determination
sub-unit configured, if the first proportion is above a first
proportion threshold and the second number is below 1, to
further determine that the flicker at the first frequency is
present in the current frame; if the second proportion is above
a second proportion threshold and the first number is below 1,
to further determine that the flicker at the second frequency is
present in the current frame; otherwise, to further determine
that no flicker is present in the current frame, wherein M and
N are integers above 1 and M>N.

In a particular embodiment, the third-level determination
sub-unit is further configured to determine whether there is
motion of the current frame relative to the previous frame in
the case that no flicker is present in the current frame.

In a particular embodiment, the flicker detection apparatus
600 further includes a motion detecting device configured to
detect whether there is motion of the current frame relative to
the previous frame; and in the case that a detection result of
the motion detecting device indicates that there is motion of
the current frame relative to the previous frame, the mean
value vector calculating device 61 is configured to obtain a
truncated mean value vector MS_mean_row(k) of the current
frame, the truncated mean value vector MS_mean_row(k)
being a vector as a result of removing predetermined parts of
ahead and a tail of the mean value vector mean_row(k) of the
current frame; and to search the mean value vector mean_row
(k-1) of the previous frame of the current frame for a segment
with the same length as and the most approximate to the
truncated mean value vector MS_mean_row(k) of the current
frame as a matching truncated mean value vector Mt_mean_
row(k-1); the differential vector calculating device 62 is con-
figured to calculate a differential vector diff frame MM(k)
between the truncated mean value vector MS_mean_row(k)
of the current frame and the matching truncated mean value
vector Mt_mean_row(k-1) of the previous frame; and the
DC-free difference vector calculating device 63 is configured
to calculate the DC-free difference vector diff_mean_ row(k)
by subtracting a direct current component of the differential
vector diff_frame MM(k) from respective elements of the
differential vector diff_frame_MM(k).

In a particular embodiment, the mean value vector calcu-
lating device 61 is further configured to crop segments of the
mean value vector mean_row(k-1) of the previous frame of
the current frame by shifting a window with the same length
as the truncated mean value vector MS_mean_row(k) of the
current frame as candidate segments; to calculate the mean
values of the absolute values of respective elements of differ-
ence vectors between the truncated mean value vector
MS_mean_row(k) of the current frame and the respective
candidate segments; and to select the candidate segment with
the lowest mean value as the matching truncated mean value
vector Mt_mean_row(k-1).

In a particular embodiment, the predetermined parts are
related to the length of the mean value vector mean_row(k) of
the image frame and a predetermined proportion.

In a particular embodiment, the motion detecting device is
further configured, if the mean value of the absolute values of
respective elements of the DC-free difference vector dif-
f_mean_row(k) is above a predetermined motion threshold,
to determine that there is motion of the current frame relative
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to the previous frame; and if the mean value of the absolute
values of respective elements of the DC-free difference vector
diff_mean_row(k) is below or equal to the predetermined
motion threshold, to determine that there is no motion of the
current frame relative to the previous frame.

Since processes in the mean value vector calculating
device 61, the differential vector calculating device 62, the
DC-free difference vector calculating device 63, the square
wave building device 64, the first frequency reference value
calculating device 65, the second frequency reference value
calculating device 66, the flicker determining device 67 and
the motion detecting device included in the flicker detection
apparatus 600 according to the invention are similar respec-
tively to the processes in the respective steps in the foregoing
flicker detection methods, a detailed description of these
modules will be omitted here for the sake of conciseness.

Furthermore, it shall be noted that the respective constitu-
ent modules and units in the foregoing apparatus can be
configured in software, firmware, hardware or any combina-
tion thereof. Particular configuration techniques or schemes
available are well-known to those skilled in the art, and a
detailed description thereof will be omitted here. In the case
of being embodied in software or firmware, program consti-
tuting the software or firmware can be installed from a storage
medium or a network to a machine with a dedicated hardware
structure (e.g., a general-purpose machine 700 illustrated in
FIG. 7) which can perform various functions or the like when
various types of program are installed thereon.

FIG. 7 illustrates a schematic block diagram of a computer
in which a method and an apparatus according to an embodi-
ment of the invention can be embodied.

In FIG. 7, a Central Processing Unit (CPU) 701 performs
various processes according to program stored in a Read Only
Memory (ROM) 702 or loaded from a storage portion 708
into a Random Access Memory (RAM) 703 in which data
required when the CPU 701 performs the various processes,
etc., is also stored as needed. The CPU 701, the ROM 702 and
the RAM 703 are connected to each other via a bus 704 to
which an input/output interface 705 is also connected.

The following components are connected to the input/
output interface 705: an input portion 706 (including a key-
board, a mouse, etc.), an output portion 707 (including a
display, e.g., a Cathode Ray Tube (CRT), a Liquid Crystal
Display (LCD), etc., a speaker, etc.), a storage portion 708
(including a hard disk, etc.) and a communication portion 709
(including a network interface card, e.g., an LAN card, a
modem, etc). The communication portion 709 performs a
communication process over a network, e.g., the Internet. A
drive 710 is also connected to the input/output interface 705
asneeded. A removable medium 711, e.g., amagnetic disk, an
optical disk, an optic-magnetic disk, a semiconductor
memory, etc., can be installed on the drive 710 as needed so
that computer program fetched therefrom can be installed
into the storage portion 708 as needed.

In the case that the foregoing series of processes are per-
formed in software, program constituting the software can be
installed from a network, e.g., the Internet, etc., or a storage
medium, e.g., the removable medium 711, etc.

Those skilled in the art shall appreciate that such a storage
medium will not be limited to the removable medium 711
illustrated in FIG. 7 in which the program is stored and which
is distributed separately from the apparatus to provide a user
with the program. Examples of the removable medium 711
include a magnetic disk (including a Floppy Disk (a regis-
tered trademark)), an optical disk (including a Compact Disk-
Read Only memory (CD-ROM) and a Digital Versatile Disk
(DVD)), an optic-magnetic disk (including a Mini Disk (MD)
(a registered trademark)) and a semiconductor memory.
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Alternatively, the storage medium can be the ROM 702, a
hard disk included in the storage portion 708, etc., in which
the program is stored and which is distributed together with
the apparatus including the same to the user.

Furthermore, the invention further proposes a product pro-
gram on which machine readable instruction codes are stored.
The instruction codes can perform the foregoing methods
according to the embodiments of the invention upon being
read and executed by a machine.

Correspondingly, a storage medium carrying the foregoing
program product on which the machine readable instruction
codes are stored will also be encompassed in the disclosure of
the invention. The storage medium includes but will not be
limited to a floppy disk, an optical disk, an optic-magnetic
disk, a memory card, a memory stick, etc.,

In the foregoing description of the particular embodiments
of the invention, a feature described and/or illustrated with
respect to an implementation can be used identically or simi-
larly in one or more other implementations in combination
with or in place of a feature in the other implementation(s).

It shall be emphasized that the term “including/compris-
ing” as used in this context refers to the presence of a feature,
an element, a step or a component but does not preclude the
presence or addition of one or more other features, elements,
steps or components.

Furthermore, the methods according to the invention will
not necessarily be performed in a chronological order
described in the specification but can alternatively be per-
formed in another chronological order sequentially, concur-
rently or separately. Therefore, the technical scope of the
invention will not be limited by the order in which the meth-
ods are performed as described in the specification.

Although the invention has been disclosed above in the
description of the particular embodiments of the invention, it
shall be appreciated that all the foregoing embodiments and
examples are illustrative but not limiting. Those skilled in the
art can devise various modifications, adaptations or equiva-
lents to the invention without departing from the spirit and
scope of the appended claims. These modifications, adapta-
tions or equivalents shall also be regarded as coming into the
claimed scope of the invention.

What is claimed is:
1. A flicker detection method of detecting flicker in a
sequence of image frames, the method comprising:

calculating mean values of selected rows of the image
frames, the calculated mean values constituting a mean
value vector mean_row(k) in an order of the rows;

calculating a differential vector diff_frame(k) between the
mean value vector mean_row(k) of a current frame and
the mean value vector mean_row(k-1) of a previous
frame;

calculating a DC-free difference vector diff_mean_row(k)
by subtracting a direct current component of the differ-
ential vector diff_frame(k) from respective elements of
the differential vector diff_frame(k);

building a first square wave and a second square wave with
afirst frequency and phases differing by 90 degrees, and
a third square wave and a fourth square wave with a
second frequency different from the first frequency and
phases differing by 90 degrees, each of the first to the
fourth square waves having a specific number of ele-
ments per cycle and a same length as the DC-free dif-
ference vector diff_mean_row(k);

calculating a sum of an absolute value of a dot product of
the DC-free difference vector diff_mean_row(k) and the
first square wave and the absolute value of the dot prod-
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uct of the DC-free difference vector diff_mean_row(k)
and the second square wave as a first frequency reference
value;

calculating the sum of the absolute value of the dot product

of the DC-free difference vector diff _mean_row(k) and
the third square wave and the absolute value of the dot
product of the DC-free difference vector diff_mean_row
(k) and the fourth square wave as a second frequency
reference value; and

if a difference between the first frequency reference value

and the second frequency reference value is above a
predetermined difference threshold, itis determined that
flicker is present in the current frame;

otherwise, it is determined that no flicker is present in the

current frame.

2. The method according to claim 1, wherein when it is
determined that flicker is present in the current frame,

if the first frequency reference value is above the second

frequency reference value, it is determined that a fre-
quency of the flicker is the first frequency; and

if the second frequency reference value is above the first

frequency reference value, it is determined that the fre-
quency of the flicker is the second frequency.

3. The method according to claim 1, wherein the selected
rows are all of rows of the image frames or sampled rows as
aresult of sampling all of rows of the image frames uniformly.

4. The method according to claim 3, wherein the image
frames are gray scale images, and a number of elements per
cycle is related to a height of the image frames, a frame rate,
a row sampling interval and a square wave frequency.

5. The method according to claim 2, further comprising a
second-level determination of:

for three first-level determination results of the current

frame and the first and second frames previous to the

current frame,

if at least two of the determination results are that the
flicker at the first frequency is present and none of the
determination results are that the flicker at the second
frequency is present, it is further determined that the
flicker at the first frequency is present in the current
frame;

if at least two of the determination results are that the
flicker at the second frequency is present and none of
the determination results are that the flicker at the first
frequency is present, it is further determined that the
flicker atthe second frequency is present in the current
frame;

otherwise, it is further determined that no flicker is
present in the current frame.

6. The method according to claim 5, further comprising a
third-level determination of:

counting a first proportion of second-level determination

results that the flicker at the first frequency is present and
a second proportion of second-level determination
results that the flicker at the second frequency is present
among second-level determination results of M frames
comprising the current frame and previous M-1 frames
thereof;

counting a first number of second-level determination

results that the flicker at the first frequency is present and
a second number of second-level determination results
that the flicker at the second frequency is present among
second-level determination results of N frames compris-
ing the current frame and previous N-1 frames thereof;
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if the first proportion is above a first proportion threshold
and the second number is below 1, it is further deter-
mined that the flicker at the first frequency is present in
the current frame;

if the second proportion is above a second proportion

threshold and the first number is below 1, it is further
determined that the flicker at the second frequency is
present in the current frame;

otherwise, it is further determined that no flicker is present

in the current frame,

wherein M and N are integers above 1 and M>N.

7. The method according to claim 6, wherein it is deter-
mined whether there is motion of the current frame relative to
the previous frame in the case that it is determined that no
flicker is present in the current frame.

8. The method according to claim 1, wherein before the
building, the method further comprises:

detecting whether there is motion of the current frame

relative to the previous frame; and

in the case that a detection result indicates that there is

motion of the current frame relative to the previous

frame, calculating the DC-free difference vector dif-

f_mean_row(k) through steps:

obtaining a truncated mean value vector MS_mean_row
(k) of the current frame, the truncated mean value
vector MS_mean_row(k) being a vector as a result of
removing predetermined parts of a head and a tail of
the mean value vector mean_row(k) of the current
frame;

searching the mean value vector mean_row(k-1) of the
previous frame of the current frame for a segment
with a same length as and most approximate to the
truncated mean value vector MS_mean_row(k) of the
current frame as a matching truncated mean value
vector Mt_mean_row(k-1);

calculating a differential vector diff frame MM(k)
between the truncated mean value vector MS_mean_
row(k) of the current frame and the matching trun-
cated mean value vector Mt_mean_row(k-1) of the
previous frame; and

calculating the DC-free difference vector diff_mean_
row(k) by subtracting a direct current component of
the differential vector diff frame MM(k) from
respective elements of the differential vector diff
frame_MM(k).

9. The method according to claim 8, wherein searching for
the matching truncated mean value vector Mt_mean_row(k-
1) comprises:

cropping segments of the mean value vector mean_row(k-

1) of the previous frame of the current frame by shifting
a window with the same length as the truncated mean
value vector MS_mean_row(k) of the current frame as
candidate segments;

calculating the mean values of the absolute values of

respective elements of difference vectors between the
truncated mean value vector MS_mean_row(k) of the
current frame and the respective candidate segments;
and

selecting the candidate segment with the lowest mean

value as the matching truncated mean value vector
Mt_mean_row(k-1).

10. The method according to claim 8, wherein the prede-
termined parts are related to the length of the mean value
vector mean_row(k) of the image frame and a predetermined
proportion.
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11. The method according to claim 8, wherein the detecting
whether there is motion of the current frame relative to the
previous frame comprises:

if the mean value of the absolute values of respective ele-
ments of the DC-free difference vector diff mean_row
(k) is above a predetermined motion threshold, it is
determined that there is motion of the current frame
relative to the previous frame;

otherwise, it is determined that there is no motion of the
current frame relative to the previous frame.

12. A flicker detection apparatus for detecting flicker in a

sequence of image frames, the apparatus comprising:
a mean value vector calculating device configured to cal-
culate mean values of selected rows of the image frames,
a calculated mean values constituting a mean value vec-
tor mean_row(k) in a order of the rows;
a differential vector calculating device configured to cal-
culate a differential vector diff _frame(k) between the
mean value vector mean_row(k) of a current frame and
the mean value vector mean_row(k-1) of a previous
frame;
a DC-free difference vector calculating device configured
to calculate a DC-free difference vector diff mean_row
(k) by subtracting a direct current component of the
differential vector diff frame(k) from respective ele-
ments of the differential vector diff_frame(k);
a square wave building device configured to build a first
square wave and a second square wave with a first fre-
quency and phases differing by 90 degrees, and a third
square wave and a fourth square wave with a second
frequency different from the first frequency and phases
differing by 90 degrees, each of the first to the fourth
square waves having a specific number of elements per
cycle and a same length as the DC-free difference vector
diff_mean_row(k);
afirst frequency reference value calculating device config-
ured to calculate a sum of an absolute value of a dot
product of the DC-free difference vector diff_mean_row
(k) and the first square wave and the absolute value of the
dot product of the DC-free difference vector diff_mean_
row(k) and the second square wave as a first frequency
reference value;
asecond frequency reference value calculating device con-
figured to calculate the sum of the absolute value of the
dot product of the DC-free difference vector diff_mean_
row(k) and the third square wave and the absolute value
of the dot product of the DC-free difference vector dif-
f_mean_row(k) and the fourth square wave as a second
frequency reference value; and
a flicker determining device comprising a presence deter-
mination unit configured:
to determine that flicker is present in the current frame,
ifthe difference between the first frequency reference
value and the second frequency reference value is
above a predetermined difference threshold; and

to determine that no flicker is present in the current
frame, if the difference between the first frequency
reference value and the second frequency reference
value is below or equal to the predetermined differ-
ence threshold.

13. The apparatus according to claim 12, wherein the
flicker determining device further comprises a frequency
determination unit configured where in the case that the pres-
ence determination unit determines that flicker is present in
the current frame,
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if the first frequency reference value is above the second
frequency reference value, the frequency determination
unit determines that the frequency of the flicker is the
first frequency; and
if the second frequency reference value is above the first
frequency reference value, the frequency determination
unit determines that the frequency of the flicker is the
second frequency.
14. The apparatus according to claim 12, wherein the
selected rows are all of rows of the image frames or sampled
rows as a result of sampling all of rows of the image frames
uniformly.
15. The apparatus according to claim 14, wherein the
image frames are gray scale images; and a number of ele-
ments per cycle is related to a height of the image frames, a
frame rate, a row sampling interval and a square frequency.
16. The apparatus according to claim 13, wherein the
flicker determining device further comprises a second-level
determination unit configured where:
for three preliminary determination results of the presence
determination unit and the frequency determination unit
for the current frame and the first and second frames
previous to the current frame,
if at least two of the determination results are that a
flicker at the first frequency is present and none ofthe
determination results are that the flicker at the second
frequency is present, the second-level determination
unit further determines that the flicker at the first
frequency is present in the current frame;

if at least two of the determination results are that the
flicker at the second frequency is present and none of
the determination results are that the flicker at the first
frequency is present, the second-level determination
unit further determines that the flicker at the second
frequency is present in the current frame;

otherwise, the second-level determination unit further
determines that no flicker is present in the current
frame.
17. The apparatus according to claim 16, wherein the
flicker determining device further comprises a third-level
determination unit comprising:
a proportion counting unit configured to count a first pro-
portion of second-level determination results that the
flicker at the first frequency is present and a second
proportion of second-level determination results that the
flicker at the second frequency is present among second-
level determination results of M frames comprising the
current frame and previous M-1 frames thereof;
a number counting unit configured to count a first number
of second-level determination results that the flicker at
the first frequency is present and a second number of
second-level determination results that the flicker at the
second frequency is present among second-level deter-
mination results of N frames comprising the current
frame and previous N-1 frames thereof; and
a third-level determination sub-unit configured:
if the first proportion is above a first proportion threshold
and the second number is below 1, to further deter-
mine that the flicker at the first frequency is present in
the current frame;

if the second proportion is above a second proportion
threshold and the first number is below 1, to further
determine that the flicker at the second frequency is
present in the current frame;



US 9,167,175 B2

23

otherwise, to further determine that no flicker is present
in the current frame,

wherein M and N are integers above 1 and M>N.

18. The apparatus according to claim 12, further compris-
ing a motion detecting device configured to detect whether
there is motion of the current frame relative to the previous
frame; and

in the case that a detection result of the motion detecting

device indicates that there is motion of the current frame
relative to the previous frame,
the mean value vector calculating device is configured:
to obtain a truncated mean value vector MS_mean_
row(k) of the current frame, the truncated mean
value vector MS_mean_row(k) being a vector as a
result of removing predetermined parts of a head
and a tail of the mean value vector mean_row(k) of
the current frame; and
to search the mean value vector mean_row(k-1) of
the previous frame of the current frame for a seg-
ment with a same length as and a most approximate
to the truncated mean value vector MS_mean_row
(k) of the current frame as a matching truncated
mean value vector Mt_mean_row(k-1);
the differential vector calculating device is configured to
calculate a differential vector diff frame_MM(k)
between the truncated mean value vector MS_mean_
row(k) of the current frame and the matching trun-
cated mean value vector Mt_mean_row(k-1) of the
previous frame; and
the DC-free difference vector calculating device is con-
figured to calculate the DC-free difference vector dif-
f_mean_row(k) by subtracting a direct current com-
ponent of the differential vector diff_frame_MM(k)
from respective elements of the differential vector
diff_frame_MM(k).

19. The apparatus according to claim 18, wherein the mean
value vector calculating device is further configured:

to crop segments of the mean value vector mean_row(k-1)

of the previous frame of the current frame by shifting a
window with a same length as the truncated mean value
vector MS_mean_row(k) of the current frame as candi-
date segments;

to calculate the mean values of the absolute values of

respective elements of difference vectors between the
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truncated mean value vector MS_mean_row(k) of the
current frame and the respective candidate segments;
and

to select the candidate segment with the lowest mean value
as the matching truncated mean value vector Mt_mean_
row(k-1).

20. The apparatus according to claim 18, wherein the

motion detecting device is further configured:

if the mean value of the absolute values of respective ele-
ments of the DC-free difference vector diff mean_row
(k) is above a predetermined motion threshold, to deter-
mine that there is motion of the current frame relative to
the previous frame; and

if the mean value of the absolute values of respective ele-
ments of the DC-free difference vector diff mean_row
(k) is below or equal to the predetermined motion thresh-
old, to determine that there is no motion of the current
frame relative to the previous frame.

21. A method, comprising:

obtaining a truncated mean value vector of a current video
frame, the truncated mean value vector comprising a
vector produced as a result of removing predetermined
parts of a head and a tail of the mean value vector;

obtaining the mean value vector of a previous video frame
of the current frame for a segment with a same length as
and a most approximate to the truncated mean value
vector of the current video frame as a matching truncated
mean value vector;

calculating a differential vector between the truncated
mean value vector of the current frame and the matching
truncated mean value vector of the previous video
frame;

calculating a DC-free difference vector by subtracting a
direct current component of the differential vector from
respective elements of the differential vector; and

determining whether flicker is occurring in a video having
the current and previous video frame using the DC-free
difference vector.

22. The method according to claim 21, wherein the deter-

mining comprises:

recalculating the DC-free difference vector for additional
video frames; and

determining flicker is occurring by comparing the DC-free
difference vector and a recalculated DC-free difference
vector.



